The objective of this study was to investigate the feasibility of using field-based portable ultrasonography to accurately estimate ovary weight, gonadosomatic index (GSI) and fecundity in large-bodied fish species. These reproductive endpoints were estimated using ultrasound on prespawning female northern pike (Esox lucius) and white sucker (Catostomus commersoni) and compared with actual measured values determined post mortem. Using five cross-sectional ultrasound images in pike, estimated ovary weight and fecundity, but not GSI, were significantly correlated with measured values. All endpoints were overestimated by 21 to 23% using ultrasound in pike. In a subsequent experiment using 20 cross-sectional ovary images, estimated ovary weight, GSI and fecundity were significantly correlated with measured values in white sucker. Although underestimated by 5 to 12% using 20 cross-sectional images, there were no statistical differences among estimated and measured mean ovary weight, GSI and fecundity in white sucker using this approach. Based on the variances for GSI estimations in both species, power analysis indicated that the ultrasound technique could detect a 25% change in GSI using sample sizes of <20 fish. This study illustrates the utility of portable ultrasonography as a promising non-lethal technique for assessing reproductive endpoints in the field.
INTRODUCTION
Reproductive physiology is one of the most sensitive processes impaired in fish following exposure to stressors such as environmental toxicants (Donaldson  respectively, which are both under the authority of the Fisheries Act of Canada (Environment Canada ).
Requirements include an assessment of potential effects on growth and reproduction of adult fish (two species) inhabiting aquatic ecosystems receiving liquid effluent from these operations. The basic EEM endpoints measured in adult female fish include condition factor, weight-at-age, ovary weight, egg size, fecundity (total number of eggs per female) and liver weight (Environment Canada ). The target sample size for adult fish surveys under EEM programs is 20 female fish per sampling site, and there may be several exposure and reference sites assessed in a given program. As determination of these endpoints requires destructive (lethal) sampling of fish, it may not be practical under certain circumstances. For example, collection of threatened fish species or sampling ecosystems with low productivity may not allow lethal sampling methods. Thus, there is a need to develop non-lethal techniques to accurately assess reproductive capacity in wild fish exposed to industrial discharges (Gray et al. ) . To this end, recent advances in ultrasound technology have been used to assess reproductive status of female fish in aquaculture The goal of this study was to evaluate the use of portable ultrasonography as a non-lethal technique to determine ovary weight and fecundity in two common bioindicator species inhabiting Canadian freshwaters, northern pike (Esox lucius) and white sucker (Catostomus commersoni). The focus was on using an approach that was amenable to rapid and accurate field-based evaluations of these endpoints as would be used in monitoring studies, and to evaluate the accuracy and reliability of the technique in comparison with actual measurements taken from the same individual fish.
METHODS

Fish collection
The study was conducted over two field seasons in northern Saskatchewan. In May 2005, prespawning female northern pike (body weight 1,125 ± 106 g, total length 59.0 ± 1.6 cm, Muscatello & Janz a, b). Fish were held in net pens for 2-3 days before data collection, so that all fish could be processed on the same day. All procedures involving fish were conducted in accordance with an approved Animal Care and Use protocol at the University of Saskatchewan.
Ultrasound imaging and data collection in the field
Individual fish were anaesthetized with 0.2 g/L of MS-222 
Statistical analyses
All data were initially tested for normality and homogeneity of variance, and passed these tests without requiring data 
RESULTS
Following euthanasia in northern pike, measured (actual) ovary weight ranged from 75.1 to 171.8 g, GSI ranged from 7.5 to 11.0% and fecundity ranged from 10,376 to 21,397 total eggs per female. Following euthanasia in white sucker, measured ovary weight ranged from 105.4 to 266.5 g, GSI ranged from 11.0 to 16.6% and fecundity ranged from 18,309 to 46,089 total eggs per female.
The first experiment in northern pike used five cross-sectional images of the left ovary to estimate total ovary weight, GSI and fecundity. Using this approach, ovary weight and fecundity estimates were significantly (p < 0.001) correlated with post mortem measurements (r 2 ¼ 0.94 and r 2 ¼ 0.91, respectively; Figures 1(a) and (c)). Estimated GSI was not significantly correlated with measured GSI (p ¼ 0.056, r 2 ¼ 0.55; Figure 1(b) ). Mean ovary weight, GSI and fecundity in pike were overestimated by 21% (p ¼ 0.28), 23% (p ¼ 0.014) and 21% (p ¼ 0.16), respectively, compared with measured values (Figures 2(a)-(c) ). The statistical power In the present study, fish were collected just prior to spawning, allowing manual expression of a small sample of eggs. However, the variance estimates used in the present pilot study were obtained from the same (reference) fish populations, and greater heterogeneity in GSI may occur in wild fish populations collected from different study sites and in fish at different stages of their reproductive cycle. 
CONCLUSION
The present study demonstrated the feasibility of using portable ultrasonography to accurately determine ovary weight, GSI and fecundity in white sucker. Using 20 cross-sectional ultrasound images in white sucker, estimated values were highly correlated and not significantly different from actual values determined post mortem in the same fish. Although the ovary weight, GSI and fecundity were overestimated by 21 to 23% in northern pike, use of additional cross-sectional images in this species may increase accuracy in future studies. Power analysis indicated that the ultrasound approach could detect biologically significant differences in GSI using sample sizes of fewer than 20 female northern pike and white sucker. Thus, the use of portable ultrasonography for assessing female reproductive status in fish should be considered in certain aquatic monitoring scenarios such as EEM programs.
